Light-weight Self-Compacting Concrete (LWSCC) might be the answer to the increasing construction requirements of slenderer and more heavily reinforced structural elements. However there are limited studies to prove its ability in real construction projects. In conjunction with the traditional methods, artificial intelligent based modeling methods have been applied to simulate the non-linear and complex behavior of concrete in the recent years. Twenty one laboratory experimental investigations on the mechanical properties of LWSCC; published in recent 12 years have been analyzed in this study. The collected information is used to investigate the relationship between compressive strength, elasticity modulus and splitting tensile strength in LWSCC.
INTRODUCTION
The early evaluation of hardened concrete properties and predicting the relationships between the mechanical properties of concrete is very important. The problem is that following the hardening process, the quality and mechanical properties cannot improve. 1 PhD., University of Technology Sydney, Faculty of Civil and Environmental Engineering, Sydney, NSW, Australia, In recent decades, utilizing the mineral and chemical admixtures in concrete technology has introduced several changes in formulation and mix design to make the concrete workable, stronger and durable. [12] LWSCC as a combination of Light Weight Concrete (LWC) and SelfCompacting Concrete (SCC) is a result of advances in concrete technology to come over the limits in concrete structures. Using LWC may result in smaller dimension and lighter elements that both decrease the total weight of the structure and the lateral loads that is a major problem in most parts of the world. [12, 13] It is naturally utilized in structures for which major part of the total load is due to dead load weight of concrete. Consequently, the construction cost can be protected when applied to structures such as long span bridge and high rise buildings [14] . In addition, better thermal insulation; better reinforcing steel-concrete bond, durability performance, tensile strain capacity, and fatigue resistance make it superior to normal weight concrete [12, 14] . In conjunction with the density of concrete; workability, strength, and durability are major considerations in concrete application in construction industry. While the strength and durability are related to the hardened concrete, the workability is related to the fresh concrete [15] .
Nowadays SCC is inevitable solution to most workability problems. SCC as new type of concrete which has the capabilities of flowing easily, filling the formwork and making a full compaction under its own weight, eliminates the vibration process, improves the environmental consideration and reduces the labor works. Beside, SCC has proven advantages enhancing construction productivity, reducing the overall cost of the structure, achieving sustainable characteristics, increasing the practically allowable reinforcement rate, and increasing the construction rate and overall quality of the cast structures [16] . There are wide range of publications about LWC with different light weight aggregates and mix proportions. However SCC is completely new topic in construction industry that is rapidly growing in research and real project applications in last decade. Since LWSCC is combination of two materials which one part is not pretty investigated, it needs much more investigations.
RESEARCH SIGNIFICANCE
LWSCC could be an excellent solution to decrease the structure weight and ease of construction [17, 18] ; however its mechanical properties are not completely understood in the literature to use in real construction projects. LWSCC is combination of LWC and SCC and contains the advantages and limits of both types of concrete. Mechanical properties of LWSCC are very sensitive to its mix proportions and the relationship between the fresh properties and mechanical properties is not predictable like other types of concrete. Due to complicated nature and nonlinear behavior of LWSCC and large number of effecting parameters, traditional methods may not be able to give reasonable relationships between different properties of LWSCC; though ANFIS has proven its ability to establish the relationships between parameters in complicated engineering systems and materials.
The main objectives of this study are:
-Systematic evaluation of the experiments conducted by researches in different parts of the world. Since LWSCC is a novel material in construction industry, comprehensive collection of data so far and giving comparisons will be a major start point for upcoming researchers and its application in real projects. 
where: y, f, β i and x i are the dependent variable, linear function, constant coefficients and the dependent variables of the relation respectively.
DATABASE FOR FRESH AND HARDENED PROPERTIES OF LWSCC
Resultant data of published experimental investigations is an effective tool to propose and verification of new models and comparing the actual and predicted values. Despite efficiency of experimental data from different sources, using them can be problematic owing to: a) insufficient information concerning the exact composition of the concrete mixes; b) different size and number of the specimen, curing condition, and testing methodology; and (3) extracting real data of experimental results from graphs and diagrams.
The collected experimental database of this study is mainly from papers presented at conferences and published articles on LWSCC. The investigated database in this study contains the empirical data of CS, EM and STS. In addition to clarify the wide variety of component materials in mix design of LWSCC, [21] are included in the database of models.
ARCHITECTURE OF ANFIS MODELING
Fuzzy systems are particularly useful in the engineering applications where classical approaches fail or they are too complicated to be used. ANFIS is a class of adaptive networks, which has the advantages of ANN and linguistic interpretability of Fuzzy Inference Systems (FIS) [22, 23] .
Application of ANFIS was first proposed by Jang (1993). Ozel (2011) [24] Table 1 indicates where there is no information and the blank means the material is not used in that case study. 
PREFERENCES AND PROCESSING OF DATA
The ratio of number of training data to testing data is 4, i.e. 80% of whole data are selected as training data and the remaining 20% as testing data. To enhance the accuracy of the FIS model and to avoid unexpected errors during the training and testing process in ANFIS, wide range and quantity of data are imported in the model.
In addition, the total data are classified in some ranges and a test data is selected from each range to ensure that the selected test data could be a reliable representative for its range.
As shown in Fig. 5 , by applying the above mentioned preferences, the extreme points and distribution shape of testing data is similar to training data. 
RESULTS AND DISCUSSION
The ANFIS models are trained by 100 input-output datasets of STS, EM and CS and tested and verified by 22 datasets. Moreover up to 2500 epochs is specified for training process to guarantee the reaching the minimum error. According to the training results, the models reach to the minimum error size after 400 epochs, however 2500 epochs confirm the ultimate possible convergence in the model. Fig. 6 shows the training process of input data to establish a fuzzy relationship between splitting tensile strength, modulus of elasticity and compressive strength of LWSCC. To ensure the efficiency of the training process, about 20% of whole data is utilized to test the established relationship. Fig. 7 (b) shows the analysis result of the testing data. It is clear that majority of the predicted values are in good compatibility with the predicted values. There is just a considerable difference between the empirical and predicted CS value in the last dataset of testing data. Table 2 , the proposed model in regression analysis has a good compatibility with the empirical data. To verify the developed model in ANFIS model, Fig. 9 compares the CS values predicted by ANFIS and regression analysis with the real empirical data of this study.
It shows a good compatibility between the models and the real data; however in the majority of plotted data, ANFIS model predicts CS values vary close and adjacent to the empirical data.
Fig. 9. Comparing the empirical data of CS vs. predictions of ANFIS and regression analysis
To better understanding of the efficiency of the developed models, compatibility of the predicted values with the empirical data is evaluated by EN and coefficients. Table 3 shows the values of these coefficients by comparing the predictions of ANFIS and regression model with the empirical data respectively. Consequently combination of these two concretes in LWSCC makes the behavior more complicated. Since the intelligent based models are always better than tradition models in dealing with any types of data with unknown distribution, the ANFIS model in this study gives more reasonable predictions than regression analysis.
CONCLUSION
This study utilizes the intelligent based ANFIS to develop a model to predict the 28 days CS from combination of STS and EM in LWSCC. In addition a model developed by multi factor regression analysis is proposed to verify the ANFIS Model.
LWSCC is a new construction material and the published experimental investigations are very rare in the literature. However to have the most comprehensive data so far, this study collected the data from 24 recently published experimental investigations:
-Comparing all the features in ANFIS architecture, Sugento type structure, bell shaped membership function and hybrid optimization method is applied to develop the FIS model.
-The model in ANFIS well predicts the CS value from combination of EM and STS. -Evaluating the compatibility of the predictions of both models with empirical data by EN and SPPMCC statistical coefficients, the predictions of ANFIS model is more compatible and adjacent to the empirical data since it has the least error and the highest correlation factor.
-ANFIS models are recommended to investigate the relationship between fresh and hardened properties of non-linear complicated materials like LWSCC. 
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STRESZCZENIE:
Lekki beton samouszczelniający (LWSCC) to połączenie betonu lekkiego (LWC) i samouszczelniającego (SCC) -Model analizy wieloczynnikowej regresji liniowej także pozwala na efektywną predykcję CS.
-Model ANFIS jest w większym stopniu kompatybilny i przystający do danych empirycznych ze względu na najniższą ilość błędów oraz najwyższy współczynnik korelacji.
